Abstract The aim of this study was to compare the component positioning of Birmingham Hip Resurfacings implanted through a posterolateral approach with those inserted via a direct lateral approach. Sixty-four hip resurfacings for osteoarthritis were carried out by a single surgeon: 23 through a direct lateral approach and 41 through a posterolateral approach. No significant differences in implant survival, Oxford Hip Scores or complications were found. The mean abduction angle for the acetabular component was lower (p<0.007) with a posterior approach (mean: 37.5°; range 26-50°) than the lateral approach (mean: 43°; range 30-56°). There was no significant difference in stem orientation, either in flexion/ extension or varus/valgus, between the two groups. This study demonstrates that components can be implanted in an acceptable orientation through either approach but that the posterior approach results in greater closure of the acetabular component.
Introduction
The last ten years has seen a resurgence of interest in hip resurfacing techniques. The developers of the modern metalon-metal hip resurfacing have favoured the posterolateral approach for implantation [1, 20] . Many surgeons prefer to perform arthroplasty of the hip through a direct lateral approach [9, 12, 18] and, therefore, have adopted this approach for resurfacing [9, 13] . Debate continues regarding the advantages and disadvantages of the two approaches.
Hip resurfacing presents one major technical difficulty that conventional total hip replacement does not-that of preparing the acetabulum while the femoral head remains in situ. The results of different approaches should be reproducible without any increase in complications. There has been no research published on the effect of surgical approach on implant positioning for hip resurfacing.
A number of authors have raised concerns on the effect of surgical approach on blood supply to the femoral head following resurfacing [2, 7, 21] but have not looked at the effect on implant position. This study was carried out to compare the direct lateral approach with the posterolateral approach for metal-on-metal hip resurfacing, with the aim of answering the question: "Does the surgical approach used for hip resurfacing affect implant positioning?"
Materials and methods
The study period was from January 2000 to January 2007. All hip resurfacings performed by the senior author at a single institution during this period were reviewed. The study was limited to cases of osteoarthritis. Of the 78 cases identified, there were 64 (7 bilateral, a total of 57 patients) for whom full operative reports and radiological records could be retrieved. The 14 cases in which complete data was not available were excluded from further analysis. There were 23 cases (18 The Birmingham Hip Resurfacing (Smith and Nephew, London, UK) was used in all cases. Surgery was carried out in a lateral position in a laminar airflow theatre using an exhaust suit system. Antibiotic prophylaxis was given preoperatively and was followed by two post-operative doses. Thromboprophylaxis was administered by TED stockings and mechanical foot pumps. Post-operative rehabilitation regimens were the same for both groups with full weight bearing on day one post-operatively as comfort allowed.
In cases performed via a posterolateral approach, the fascia lata was divided, followed by splitting of the gluteus maximus in the line of its fibres. The external rotators were reflected from the piriformis to the gluteus maximus. A posterior capsulectomy was performed and the femoral head dislocated. The head was further delivered into the wound by an anterior capsular release. After reduction, the posterior repair was carried out with Vicryl sutures. In those cases where the Hardinge lateral approach was used [9] , the joint capsule was incised and a capsular release was performed; closure was performed with Vicryl sutures.
Following the initial surgical exposure, the same technique was used for bone preparation and implantation in both groups. First, the femoral head was prepared. The manufacturer's targeting devices were not used. Diathermy was used to make a "cross-hair" on the femoral head, with lines marking the centre of the femoral neck in both the antero-posterior and lateral planes. The guide wire was inserted "free hand" through this mark. The femoral component was implanted with Simplex bone cement (Stryker, Newbury, Berkshire, UK). The acetabulum was prepared as recommended by the manufacturer using sequential reaming with hemispherical acetabular reamers. The acetabulum was under-reamed by 2 mm relative to the definitive acetabular component.
The Oxford Hip Score (OHS) [5] questionnaire, a subjective functional scoring system, was completed by the patient pre-operatively. In May 2007, patients were contacted by postal or telephone questionnaire to complete a second OHS. At this stage, it was confirmed whether they had suffered any complications or undergone further surgery. Statistical analysis was carried out using MedCalc software (MedCalc Software, Broekstraat 52, 9030, Mariakerke, Belgium) with confidence intervals derived from the twosample t-test for continuous variables, the chi-squared test for dichotomous variables and the Mann-Whitney test used where appropriate.
The initial post-operative antero-posterior and lateral radiographs of the operated hips were reviewed. The following parameters were recorded from the antero-posterior radiograph: seating of the acetabular component, abduction angle of the acetabular component, notching of the femoral neck, varus or valgus positioning of the femoral component (relative to the patient's femoral neck). The abduction angle was measured by drawing a line across the tear drops and bisecting this with a line across the open face of the acetabular component. The varus/valgus angulation was measured by drawing a line down the axis of the femur bisected by: (1) a line down the axis of the stem of the femoral component (for component stem-shaft orientation) and (2) lines drawn along the superior and inferior aspects of the femoral neck, which allowed a line to be drawn equidistant to these two lines, creating a line down the centre of the femoral neck (for anatomical neck-shaft orientation). The lateral radiographs were assessed for: notching of the femoral neck and flexion or extension of the femoral component. All radiographs were independently reviewed by two of the authors, blinded to the surgical approach used. The interobserver variability in observations was recorded. In those cases where the observers did not agree, repeat measurement was carried out in the presence of both observers (Figs. 1, 2 and 3) . 
Results
The posterior approach group contained a greater proportion of female patients and was younger than the anterolateral group (p<0.005). Pre-operative Oxford Hip Scores were available in 51 cases; 57 of the 63 surviving cases completed a follow-up OHS (one patient has undergone revision to a total hip replacement, carried out for ongoing pain in the hip; no evidence of infection/avascular necrosis/ loosening was found but symptoms were resolved by revision). In three patients, lateral radiographs were not available for review; antero-posterior radiographs were available in all cases. There has been one death in the posterior approach group unrelated to the surgery. One documented deep vein thrombosis occurred in the posterior group. There have been no nerve palsies or deep infections.
Using the 51 cases where complete pre-operative and post-operative Oxford Hip Scores were available, analysis was performed. The pre-operative mean Oxford Hip Score for the direct lateral group was 42.5 (range 18-57) and 44 (range 16-60) for the posterolateral group. No significant difference between the two groups was found. At an average follow-up of 3 years 0 months (range 4 months to 6 years and 1 month), there was no significant difference in the Oxford Hip Scores: direct lateral 20 (range 13-40) and posterolateral 20 (range 12-45).
Radiology
Three acetabular components inserted through the lateral approach were not fully seated, nor were two from the posterior approach. There was a significant difference in the mean abduction angle of the acetabular components (p< 0.007). Mean abduction via the posterior approach was 37.5°( range 26-50°) and 43°(range 30-56°) through the lateral approach. Seventy percent (70%) of the stems inserted through the lateral approach were neutral or in valgus (>10°v algus: n=1; 0-10°valgus: n=15; 1-5°varus: n=5; >5°v arus: n=2), as compared to 74% through the posterior approach (>10°valgus: n=4; 0-10°valgus: n=28; 1-5°v arus: n=8; >5°varus: n=1). Two stems in the lateral group were in more than 5°of varus, as was one in the posterior group. When comparing the varus/valgus angle of the stems, there was no statistically significant difference between the two groups. The Kappa value for observation of the abduction angle for the two reviewers was 0.84 and 0.76 for the varus/valgus angulation.
There was no significant difference in the flexion or extension of the femoral component. On review of the lateral radiographs, the stem tips of 73% of femoral implants inserted through a lateral approach were within the middle third of the neck (three anterior, three posterior and 16 middle; radiograph unavailable for one case), compared with 64% for the posterior approach (14 anterior, 0 posterior and 25 middle; radiographs unavailable for two). There was minimal inferior notching in two cases performed through the posterior approach and zero through the lateral approach.
Discussion
Direct lateral approaches are used for the majority of total hip replacements in the United Kingdom [13] . They offer low dislocation rates in high-risk patients and a low incidence of leg length discrepancy [15] . Wagner advocated this approach in hip resurfacing and noted that it offered excellent visualisation of the femoral head and acetabulum [21] . However, the posterolateral approach is currently the most frequently used for hip resurfacing [13] but approximately one quarter of resurfacings in the United Kingdom are implanted through approaches other than this [13] . Therefore, it is important to know if approaches other than the posterior approach offer reliable implant positioning when compared to results published for the recommended technique [4, 20] . The posterior approach has the advantage of conserving the abductor group of muscles and is not proven to carry an excessive risk of dislocation in total hip replacement, provided an adequate posterior repair is performed [11] . Dislocation appears to be less common in hip resurfacing than in conventional total hip replacement [4, 20] .
Over the last ten years, there has been a resurgence of interest in hip resurfacing techniques. There has also been renewed interest in the role of surgical approach on blood supply to the femoral head. Studies on this subject have been carried out by Wagner [21] and Freeman [7] and more recently by Beaulé et al. [2] . The majority of this work relates to the effect of surgical approach and femoral preparation on branches of the medial femoral circumflex artery. Advocates of the direct lateral approaches point out that the terminal ascending branches of the medial circumflex femoral artery are not disrupted and avascular necrosis of the head of the femur is rare through this approach [3, 6] . Concerns have been raised of a potential insult to these vessels during a posterior approach [8, 17] . It has been demonstrated by using surrogate markers that bone perfusion is reduced when a posterolateral approach has been used compared with a direct lateral approach [10] . Compensatory flow from inferior retinacular vessels is feasible and it remains to be shown whether any disruption is irreversible [14, 19] . A detrimental clinical effect has not been demonstrated in other published series [1, 16, 20] . Debate continues as to the effect of surgical exposure on vascularity but there has been no research published on the effect of surgical approach on implant positioning.
Hip resurfacing presents additional challenges to the arthroplasty surgeon when compared with conventional total hip replacement, in particular, the potential for the femoral head and neck to act as an obstacle to adequate acetabular preparation, cup orientation and impaction. This study is limited by the lack of comparison to results achievable using an anterior approach to hip arthroplasty.
Figures from the National Joint Registry of England and Wales 3rd Annual Report show that 9% of resurfacings were implanted through an anterior approach [13] . The study was performed to ascertain whether there was any detriment to implant orientation and insertion through the lateral approach as compared to the posterior approach. The alternation between the two approaches during the study period limits the effect of a learning curve on the results, which would have been present if all cases performed through one approach had been followed by all cases via the second approach. An analysis of function as measured by the Oxford Hip Score was also recorded to further compare the two approaches. Despite concerns about rehabilitation following a direct lateral approach, both groups had excellent return to function following Birmingham Hip Resurfacing. It was the operating surgeon's intent to place the acetabular component in the same amount of abduction through both approaches. Although the mean abduction angle achieved was acceptable in both groups, it was demonstrated that the acetabular component was implanted in a more closed orientation using a posterior approach. The authors postulate that the presence of the femoral head and neck in the line of preparation and insertion of the acetabular component, when using the lateral approach, resulted in greater abduction. It may be possible to reduce this affect by using the curved introducers now available from the manufacturer.
The designers of the Birmingham Hip Resurfacing continue to advocate a posterolateral approach. This study demonstrates that acceptable implant orientation can be achieved using a lateral approach but attention must be given to the orientation of the acetabular component.
